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INTRODUCTION
Infectious laryngotracheitis (ILT) is a viral disease of the respiratory tract of chickens that has a worldwide distribution, and it is responsible for large economic losses. The disease occurs in areas where there is intensive poultry production and economic losses are mainly caused by a drop in egg production and increased mortality (Asheg et al., 2011) . The etiological agent is the gallid herpesvirus 1 (GaHV-1), which belongs to the family Herpesviridae, subfamily Alphaherpesvirinae (Guy & Garcia 2008) . The primary hosts are chickens, but other species of birds such as pheasants, peacocks (Crawshaw & Boycott 1982) , and turkeys (Winterfield & So, 1968 , Portz et al., 2008 may be infected. The GaHV-1 causes acute respiratory disease and clinical signs usually are nasal discharge, coughing, sneezing, conjunctivitis, and dyspnea (Kernohan, 1931) . Diagnosis should be based on one or more confirmatory laboratory tests, in addition to histopathology, which is the most common and relatively fast (Crespo et al., 2007) . The etiologic agent can be identified by viral isolation, direct immunofluorescence, DNA hybridization, and Polymerase Chain Reaction (PCR) (Guy & Garcia, 2008) . The GaVH-1 was detected in Brazil by Hipólito et al. (1974) , Beltrão et al. (2004) , Chacón et al. (2007) , and recently by Preis et al. (2013) in multi-age egg laying chickens in a high poultry density farm. The aim of this study was to describe lesions and virus distribution in different tissues of chickens naturally infected with GaHV-1 using IHC and PCR.
MATERIAL AND METHODS

Chickens
In this this study, a total of 78 chickens were analyzed. Layers were selected from seven commercial farms located in four different municipalities of south Minas Gerais state, Brazil. All layers were HyLine strain and samples were collected at different stages of lay, between 19 to 70 weeks of age. Eighteen out the 78 layer chickens had been previously evaluated by Preis et al. (2013) , and were submitted to additional testing and were re-analyzed in the present study. Five to six birds were sampled during every clinical episode of the acute respiratory diseases. The number of chickens and the time of each collection are shown in Table 1 . In addition, eight backyard chickens from neighboring infected farms were included. Sample collection for histopathology Larynx, trachea, lungs, air sacs, paranasal sinuses and turbinates, brain, trigeminal ganglia, and conjunctiva of the 78 layer chickens were collected and fixed in 10% buffered formalin for a maximum of 52 hours. Tissue samples were then transferred to 70% ethanol and routinely processed. The larynx and cranial part of trachea were transverselly cut, while the distal part of the trachea was longitudinally cut to enable identification of anatomical parts during histopathological analysis.
Histopathology
The formalin-fixed, paraffin-embedded (FFPE) tissue samples obtained from the total of 86 chickens were cut into 4 µm-thick sections, stained with hematoxylin and eosin (Luna 1968) , and evaluated under light microscopy.
Immunohistochemistry
Among 78 chickens from commercial farms in the south of Minas Gerais, 30 chickens with the most classic ILT lesions were selected to perform IHC according to Tadese et al. (2007) with modifications. Briefly, 4µm sections were placed on slides (Starfrost®). The slides were kept for 15 minutes in an incubator at 60°C and placed in xylol for 15 minutes twice for deparaffinization. Sections were then hydrated in increasing ethyl alcohol dilutions for 5 minutes each. Antigen retrieval was done incubating the slides in citrate buffer solution¹ (Target retrieval solution concentrated 10X, S1699-1, Dako, Carpinteria, CA, USA) for 20 minutes in water bath at 98°C. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide dilution in methanol for 15 minutes. Non-specific binding was blocked with milk powder diluted in PBS for 30 minutes. A specific monoclonal antibody (Clone IgG2b, Rural Technologies, Inc., Brookings, SD, USA) for the gJ protein of the infectious laryngotracheitis virus was used at 1:25 dilution. Streptavidin-biotin kit Dako® was used as secondary antibody, and development was performed with diaminobenzidine (DAB substrate System, Spring Bioscience). Counterstaining was performed with hematoxylin during four seconds, and then the sections were dehydrated and mounted with coverslips and mounting media for evaluation by light microscopy.
DNA extraction
Single FFPE tissues from individual layer chickens, including larynx/trachea, turbinates and sinuses, lungs, trigeminal ganglia, and conjunctiva, were cut to five micrometers of thickness (20 sections). Tissue sections were then placed into microtubes and deparaffinized with xylene for DNA extraction. In addition, DNA from tracheas and trigeminal ganglia of eight backyard Pathological, Immunohistochemical, and Molecular Findings in Commercial Laying Hens and in Backyard Chickens Naturally Infected with the Infectious Laryngotracheitis Virus chickens was also recovered as described above. Thinner section were cut to ensure and improve digestion by proteinase K for DNA extraction, according to the manufacturer's instructions using QIAamp® DNA FFPE Tissue Kit (Qiagen, Valencia, California -US).
Polymerase chain reaction
DNA extracted from the paraffinized samples of the 78 layer chickens and of the eight backyard chickens was tested by PCR using primers designed to amplify 237-bp fragments of the GaHV-1 ICP4 gene, according the conditions previously described by Preis et al. (2013) .
RESULTS
Clinical signs and gross pathology
The clinical signs were characterized by apathy and moderate to severe dyspnea. Some chickens presented reddening of the conjunctiva, excessive lacrimation, and swelling of the eyelids and paranasal sinuses (Figure 1 ). In layers with severe respiratory signs, fibrin and necrotic yellowish-white material covering the laryngeal and tracheal mucosa were observed ( Figure  2 ). Hyperemia and thickening of tracheal mucosa with thin fibrin layer was observed in chickens with mild or moderate respiratory signs.
Histopathology
In the present study, the histopathological diagnosis of ILT was achieved in 32 of 78 chickens. Forty six out of the 78 birds necropsied during the months after following outbreak no longer showed any typical lesions. Characteristic lesions of the disease were observed mainly in the larynx and trachea (25/78) (Figure 3 ), followed by lungs (21/78), turbinates ( Figure  4 ), paranasal sinuses (15/78), and conjunctiva (24/78). The typical lesions were characterized by the formation of syncytial cells with eosinophilic intranuclear inclusion bodies in hyperplastic epithelium, followed by lymphoplasmacytic infiltrate in the lamina propria of the upper respiratory tract, primary and secondary bronchi, and conjunctiva (Preis et al., 2013) . No histologic changes were observed in the brain or trigeminal ganglia of either commercial or backyard chickens. The conjunctiva and respiratory tissues of backyard chickens did not present any ILT characteristic lesions, only lymphocytic infiltration in the larynx and trachea distributed diffusely in the lamina propria or forming multifocal lymphoid aggregates, and 
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bronchial associated lymphoid tissue (BALT) hyperplasia in the lungs. In these birds, changes in the tracheal mucosa were suggestive of infection by Mycoplasma gallisepticum (M. gallisepticum).
Immunohistochemistry
Out of the 30 birds submitted to IHC, 70% (20/30) showed positive signal in the larynx and trachea, characterized by yellowish brown granular staining in the cytoplasm of syncytial cells adhered to the mucosa (Fig. 5) or desquamated (Fig. 6) . Positive signal was also observed in the apparently normal epithelial cells. About 53% (14/26) of examined lungs showed positive signal for GaHV-1 in the epithelial cells and syncytia of bronchi. In the turbinates and paranasal sinuses of the 20 chickens analyzed, only 29.6% (8/27) showed positive signal for GaHV-1. The chickens submitted to IHC presented histopathological lesions compatible with the acute stage of the disease.
Polymerase chain reaction
DNA extracted from conjunctiva, turbinates and paranasal sinuses, larynx/trachea and lungs, were 50% (39/78), 56% (28/50), 63.2% (31/49) and, 57% (30/52) GaHV-1 positive by PCR, respectively. Samples of the trigeminal ganglia of laying hens with typical ILT lesions were 90% (9/10) positive by PCR and samples of trigeminal ganglia from the backyard chickens were 16% (1/6) positive. Samples of formalin-fixed trachea of backyard chickens were 25% (2/8) positive. Results of the percentage of positive tissues by IHC and PCR of commercial laying hens are presented in Table 2 . 
DISCUSSION
The analyzed tissues of 50% of the chickens (with or without typical lesions) were positive for the GaHV-1 by PCR in the present study. Considered only the chickens with typical lesions, PCR results showed 100% positivity. The most frequently affected tissues 
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by GaHV-1, as determined by PCR in the present study were the larynx and trachea, closely followed by lungs, turbinates and paranasal sinuses and conjunctiva. A recent study showed that DNA virus was detected in the larynx, trachea, lungs, cecum, kidney, pancreas, and esophagus of chickens experimentally infected with GaHV-1 (Wang et al., 2013) . Another study (Oldoni et al. 2009 ) showed that GaHV-1 has been more frequently detected in the conjunctiva, sinuses, and trachea, and the authors suggested that these tissues are the site of active replication. Nevertheless, detection of virus in the thymus and cecal tonsil was less frequent and not related to active replication. A hypothesis is that viral particles could be carried by macrophages and/or lymphocytes to these sites and this is supported by the difficulty in recovering the virus from these areas and also by the lack of lesions (Calnek et al., 1986 , Oldoni et al. 2009 ). The present study focused on the respiratory, conjunctiva, and trigeminal ganglia and a comparison with other tissues was not possible.
The conjunctiva and respiratory tissues infected with GaVH-1 in several chickens of this study presented typical ILT lesions. Similar lesions were observed by Purcell (1971) three to four days after experimental infection of chickens with GaHV-1. However, in another experimental study with a low-virulence strain inoculated intranasally, pulmonary and air sac lesions occurred only five days after inoculation (Timurkaan et al. 2003) . Similarly, in the turbinates and in the paranasal sinuses, syncytia with intranuclear inclusion bodies were observed four days after infection. Kirkpatrick et al. (2006) mentioned that the GaHV-1 virus may also show tropism for the conjunctiva. In the present study, several of the analyzed chickens presented conjunctivitis, but the formation of syncytia with inclusion bodies was less commonly observed when compared with respiratory epithelium.
In the present study, ILT was diagnosed by histopathology in 32 out of 78 layer chickens. Forty six out of the 78 birds necropsied during the months following the outbreak no longer presented typical lesions, although they were GaVH-1 positive by PCR. These birds may have the virus in latent stage or presumably were necropsied during the subacute phase of the disease. Following the acute stage, complete desquamation of the syncytial cells with intranuclear inclusion bodies occurs, which complicates the diagnosis of ILT using only histopathology (Hayashi et al., 1985) . Therefore, the lungs, especially the primary and secondary bronchi, should be collected and analyzed because syncytial cells with intranuclear inclusion bodies are present in the lungs, as observed in 10 birds of this study, allowing histopathological diagnosis. The inclusion bodies are intranuclear accumulations of herpesvirus particles and viral proteins, and may be basophilic (Cowdry type B), consistent with DNA-containing virus particles within the nucleus, and later become eosinophilic (Cowdry type A) due to egress of semi-complete virions from the nucleus (Cowdry, 1934; Reynolds, Watrach & Hanson, 1968) . Studies using electron microscopy showed that syncytial cells are formed by fusion of ciliated or/and non-ciliated epithelial cells of the respiratory mucosa (Hayashi et al., 1985) . However, the mechanism by which the virus induces the formation of syncytia has not yet been elucidated. Possibly, fusion may be guided by the GaHV-1 virus through the interaction of envelope glycoproteins with cell membrane receptors, similarly to the infection by measles virus, thereby ensuring their replication and spread (Herschke et al., 2007) .
The IHC results showed that it is a useful complementary technique for ILT diagnosis. The positive signal for gJ viral protein (Fuchs et al., 2007) was observed in the cytoplasm of syncytial cells and in the cytoplasm of individual cells. One of the advantages of IHC compared with PCR is the possibility of visualizing the lesion associated with the infectious agent, confirming the occurrence of the disease and allowing verifying the distribution of the virus in the tissue. The monoclonal antibody used in this study is specific for the gJ protein, which is a structural glycoprotein encoded by the US5 gene and present in the viral envelope. Monoclonal antibodies specific for the proteins gC and gJ are the most suitable for testing with IHC and immunofluorescence, since experimentally-or naturally-infected birds produce antibodies against these two proteins. An analysis of the GaHV-1 ultrastructure showed that viral capsids are formed in the nucleus and transported to the cytoplasm, where they are enveloped before being released from the cytoplasm (Fuchs et al., 2007) . Therefore, when using anti-glycoprotein gJ, which is only present in the viral envelope, the marking will be displayed always in the cytoplasm of infected epithelial cells.
Although the number of samples evaluated by PCR for ICP4 gene and IHC were different in this study, PCR was apparently more sensitive than the IHC technique. The ICP4 gene plays a role in the regulation of early genomic expression in infection, and it is used to differentiate between vaccine strains and field and wild strains in epidemiological studies (Johnson et al., 1995; Chacon & Ferreira, 2009) . Tissue samples
